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1. 

VARABLE DATAWDTH MEMORY 
SYSTEMS AND METHODS 

TECHNICAL FIELD 

The present invention relates generally to electrical cir 
cuits and, more particularly, to memory having variable data 
widths. 

BACKGROUND 

As technology progresses, semiconductor memory appli 
cations are requiring faster, larger, and wider memory imple 
mentations. A maximum data width of a memory may be 
determined by a memory array size and a width of an 
internal data path. Thus, to increase a data width of a 
memory, a width of the internal data path and the number of 
input/output pins are typically increased, which results in 
additional circuitry to Support the increased width (e.g., 
additional input/output registers, sense amplifiers, and other 
read column circuitry along with write drivers and other 
write column circuitry). The additional circuitry may sub 
stantially increase the required die area and power consump 
tion and may degrade memory performance (e.g., when the 
memory is configured in a narrower data width configura 
tion). 
An alternative method for increasing data throughput for 

a memory is to read/write data on a rising and a falling edge 
of a clock signal (e.g., as in double data rate (DDR) 
memories). However, a Substantial amount of complex cir 
cuitry is often required to Support double data rate opera 
tions and the read/write of the data from/to the memory 
generally must be performed on both the rising and the 
falling edges of the clock signal. As a result, there is a need 
for improved memory techniques. 

SUMMARY 

Systems and methods are disclosed herein for variable 
data width memory. For example, in accordance with an 
embodiment of the present invention, a technique for dou 
bling a width of a memory is disclosed. The technique, for 
example, may be applied to a configurable memory operat 
ing in a pseudo-dual port mode, without having to increase 
a width of an internal data path or the number of input/output 
pads. Furthermore, for the configurable memory, any die 
area increase and memory performance impact on existing 
modes may be minimal as compared to conventional 
memory techniques. 
More specifically, in accordance with one embodiment of 

the present invention, an integrated circuit includes a 
memory array having a first and a second port; and a first and 
a second read circuit corresponding to the first and second 
port, wherein the first read circuit is adapted to receive 
bitline signals associated with the first port and the second 
port, while the second read circuit is adapted to receive 
bitline signals associated with the second port, the first 
circuit further adapted to receive a control signal, which 
determines if the first read circuit is utilized to increase an 
output data width from the memory array for the second 
port. 

In accordance with another embodiment of the present 
invention, an integrated circuit includes a memory array 
having a first and a second write port; a first write circuit 
coupled to the first write port and adapted to receive a first 
input signal and provide the first input signal to the memory 
array; and a second write circuit coupled to the second write 
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2 
port and adapted to receive a second input signal, the first 
input signal, and a first control signal, wherein the first 
control signal determines whether the second write circuit 
provides the second input signal or the first and second input 
signal through the second write port to the memory array. 

In accordance with another embodiment of the present 
invention, a method of doubling a data width of a memory 
having multiple ports each adapted to read and write data to 
the memory is disclosed. The method includes designating a 
first port a write port and a second port a read port; receiving 
input signals associated with the first port and the second 
port; and writing the input signals associated with the first 
port and the second port to the memory array through the 
first port. The method may further include receiving bitline 
signals from the memory that are associated with the first 
port and the second port; and providing output signals based 
on the bitline signals associated with the second port through 
the first port and the second port. 

In accordance with another embodiment of the present 
invention, an integrated circuit includes a memory array; a 
first port adapted to read data from and write data to the 
memory array; and a second port adapted to read data from 
and write data to the memory array, wherein the first port is 
further adapted to write data associated with the second port 
through the first port, while the second port is further 
adapted to utilize the first port to read data associated with 
the second port. 
The scope of the invention is defined by the claims, which 

are incorporated into this section by reference. A more 
complete understanding of embodiments of the present 
invention will be afforded to those skilled in the art, as well 
as a realization of additional advantages thereof, by a 
consideration of the following detailed description of one or 
more embodiments. Reference will be made to the appended 
sheets of drawings that will first be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram illustrating a read path of 
a conventional memory. 

FIG. 2 shows a block diagram illustrating a write path of 
a conventional memory. 

FIG. 3 shows a block diagram illustrating a read path of 
a memory in accordance with an embodiment of the present 
invention. 

FIG. 4 shows a block diagram illustrating a read path of 
a memory in accordance with an embodiment of the present 
invention. 

FIG. 5 shows a block diagram illustrating a write path of 
a memory in accordance with an embodiment of the present 
invention. 

FIG. 6 shows a block diagram illustrating a write path of 
a memory in accordance with an embodiment of the present 
invention. 

FIGS. 7a and 7b show block diagrams illustrating input 
and output registers of a memory in accordance with an 
embodiment of the present invention. 

FIGS. 8a and 8b show block diagrams illustrating read 
circuitry of a memory in accordance with an embodiment of 
the present invention. 

Embodiments of the present invention and their advan 
tages are best understood by referring to the detailed 
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description that follows. It should be appreciated that like 
reference numerals are used to identify like elements illus 
trated in one or more of the figures. 

DETAILED DESCRIPTION 

In accordance with one or more embodiments of the 
present invention, techniques for doubling a data width of a 
memory are disclosed. For example, in a memory having a 
pseudo-dual port mode, one of the ports (e.g., Port A) may 
be designated as a write port, while the other port (e.g., Port 
B) may be designated as a read port. Consequently, during 
a pseudo-dual port operation, read circuitry associated with 
Port A (e.g., output data pins, sense amplifiers, and multi 
plexers) and write circuitry associated with Port B (e.g., 
input data pins, write drivers, and demultiplexers) are gen 
erally not utilized. The data width of the memory during the 
pseudo-dual port mode may be doubled, therefore, by hav 
ing Port B utilize the read circuitry from Port A when 
performing a read operation and by having Port Autilize the 
write circuitry from Port B when performing a write opera 
tion. The width of the data path is then doubled during the 
pseudo-dual port mode without adding any significant 
amount of additional circuitry to the memory. 
As an example, FIG. 1 shows a block diagram illustrating 

a memory 100 having a memory array 102 and a read path 
104. Memory 100, for example, represents one column of a 
multiple-column memory having a number of rows. 
Memory array 102, for example, may be a dual port (e.g., 
Port A and Port B) static random access memory (SRAM) 
array with each row in the column having eight dual port 
SRAM bit cells. 

Memory array 102 includes bitlines 106 (labeled BLAIO 
through BLA7 and BLBO through BLB7 corresponding 
to Port A and B, respectively) that run vertically through 
memory array 102 (wordlines, not shown in FIG. 1, gener 
ally run horizontally through memory array 102). It should 
be noted that bitlines 106 may represent single ended or 
complementary pairs of bitlines (e.g., BLAIO would have a 
complementary bitline BLAO), but for figure and descrip 
tion clarity, bitlines 106 for this example are shown and 
described as single ended. 

Read path 104 includes read multiplexers 108(1) and 
108(2) and sense amplifiers 110(1) and 110(2) that are 
associated with memory array 102 (for clarity, control 
signals and other conventional circuitry or signals, such as 
column address lines, are not shown). For this example as 
noted above, memory array 102 includes one column (one 
column wide) and a number of rows, with the column having 
eight SRAM bit cells per row. In general there would be one 
of read paths 104 (i.e., read column circuitry) corresponding 
to each column of memory 100. Furthermore, each port 
(Port A and Port B) has its own dedicated circuitry, with read 
multiplexer 108(1) and sense amplifier 110(1) dedicated to 
Port A and read multiplexer 108(2) and sense amplifier 
110(2) dedicated to Port B. 

Bitlines 106 from Port A (labeled BLA7:0) are routed to 
read multiplexer 108(1), where one bitline from the set of 
eight bitlines (BLAI7:0) is selected via column address 
lines (not shown) controlling read multiplexer 108(1) to 
provide an output signal (labeled MBLA). For this example, 
only one bit can be selected per port per column of memory 
100. The output signal (MBLA) is provided to sense ampli 
fier 110(1), which when triggered by appropriate control 
signals, produces an output signal 112(1) (e.g., a rail-to-rail 
output signal labeled DOUTAO). Port B of read path 104 
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4 
operates in a similar fashion as described above for Port A 
and, therefore, the description will not be repeated. 

In general, the number of columns in a memory, Such as 
memory 100, depends on a desired data width for the 
memory and the decoding scheme. For example, in a 1024 
by 16 bit memory (i.e., 16,384 bits and a data width of 16 
bits), a memory array would include 16 columns to provide 
16 corresponding output data bits (i.e., DOUTA15:0), with 
one bit from each column). Port A and Port B may each have 
fourteen address lines, sixteen input data lines, sixteen 
output data lines, and sixteen read paths (e.g., read paths 
104) and write paths along with various control signals. 

In this sixteen-column memory example, the larger 
memory (e.g., the SRAM memory) may be configured into 
the following six widths and depths: 1) 16,384 by 1, 2) 8,192 
by 2, 3) 4,096 by 4, 4) 2,048 by 8, and 5) 1,024 by 16. Port 
A and Port B may also be configured independently for 
different widths (e.g., Port A could be configured as 8,192 by 
2 while Port B could be configured as 16,384 by 1). 

FIG. 2 shows a block diagram illustrating a memory 200 
having memory array 102 and a write path 202. Memory 
200, for example, may represent memory 100, but illustrates 
write path 202 for memory array 102 (e.g., one column of 
dual port SRAM array). In general, for this example, only 
one bit can be selected per port (e.g., Port A or Port B) per 
column. Write path 202 includes write logic blocks 206(1) 
and 206(2) and write demultiplexers 208(1) and 208(2), with 
write logic block 206(1) and write demultiplexer 208(1) 
dedicated to Port A and write logic block 206(2) and write 
demultiplexer 208(2) dedicated to Port B. 

For write path 202, for example, an input signal 204(1) 
(labeled DINAO) for Port A is provided to a write logic 
block 206(1), which comprises decode and control circuitry. 
Write logic block 206(1) provides an output signal (labeled 
DATA INA) to a write demultiplexer 208(1), which routes 
the output signal (DATA INA) to one of bitlines 106 (BLA 
7:0) of Port A, depending on the column address signals. 
Port B of write path 202 operates in a similar fashion as 
described above for Port A and, therefore, the description 
will not be repeated. 
Memory 100 and memory 200 may represent a memory 

and illustrate generally read and write circuitry for the 
memory. However, memory 100 and memory 200 have 
certain limitations. For example, the data width of the 
memory (e.g., for Port A or Port B) is limited by its data path 
width. Furthermore, such as in the pseudo-dual port mode 
when Port A is utilized as the write port and Port B is utilized 
as the read port, the read circuitry of Port A and the write 
circuitry of Port B are not utilized. 

In accordance with one or more embodiments of the 
present invention, memory techniques are disclosed that 
address one or more of these limitations. For example, FIG. 
3 shows a block diagram illustrating a memory 300 having 
memory array 102 and a read path 302 in accordance with 
an embodiment of the present invention. Memory 300, 
similar to memory 100, may for example represent one 
column (e.g., of a multiple-column memory) having a num 
ber of rows. 
Memory 300, like memory 100, can also be configured as 

single port, pseudo dual port, and true dual port SRAM 
memory. However, it should be understood that this example 
is not limiting and the techniques disclosed herein may be 
applied to a variety of memory types (e.g., dynamic random 
access memory (DRAM)), memory sizes (e.g., 18 Kb. 36 
Kb, or 1 Mb), memory functions (e.g., first in first out 
(FIFO) or double data rate (DDR)), memory port types (e.g., 
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single port, dual port, or pseudo dual port), and configura 
tions (e.g., various width and depth memory configurations). 
Memory 300, as an example, may illustrate a portion of a 

larger memory (e.g., one column of a larger memory) or be 
implemented as any memory size desired, as discussed 
herein for memory 100 (FIG. 1). For example, the larger 
memory may be a 16,384 bit (16 kb) dual port static random 
access memory (SRAM) having Ports A and Port B. 

For the pseudo dual port mode, Port A may be designated 
as the write port and Port B may be designated as the read 
port. For configurations wider than the internal data path 
(e.g., a 512 by 32 configuration for the 16 column memory 
example), memory 300 may be utilized in pseudo dual port 
mode, but not in true dual port mode due to the data path 
limitations (e.g., the input and output data lines being less 
than the data width desired). 

The pseudo dual port mode (or the single port mode) may 
provide data widths that are wider than the internal data 
width for either Port A or Port B, in accordance with an 
embodiment of the present invention, by having Ports A and 
B share their read/write circuitry. For example, this tech 
nique may be implemented by utilizing the read column 
circuits from Port A (along with the read column circuits of 
Port B) when performing a read through Port B, and utilizing 
the write column circuits from Port B (along with the write 
column circuits of Port A) when performing a write through 
Port A. 

As shown in FIG. 3, read path 302 includes read multi 
plexers 304(1) and 304(2) and sense amplifiers 110(1) and 
110(2) that provide output signals 112(1) and 112(2) (labeled 
DOUTAO) and DOUTBIO), respectively) for corresponding 
Ports A and B. A control signal 310 (labeled DOUBLE 
WIDEB) determines whether Port B utilizes read multi 
plexer 304(1) and sense amplifier 110(1) of Port A. 

In general, FIG. 3 illustrates memory 300 when control 
signal 310 is not asserted (e.g., operation similar to conven 
tional memory operation and Port B does not utilize read 
circuitry of Port A). FIG. 4 illustrates, in accordance with an 
embodiment of the present invention, memory 300 when 
control signal 310 is asserted and Port B utilizes read 
circuitry of Port A (bold arrows illustrate generally data flow 
through read path 302 of Port A). 

Specifically, referring to FIG. 3, read multiplexer 304(1) 
receives bitlines 106 of Port A (bitlines labeled BLAIO 
through BLA7 or BLA7:0), but also receives bitlines 106 
of Port B (bitlines labeled BLB3:0). Control signal 310 
determines whether bitlines from Port A (BLAI7:0) or Port 
B (BLB3:0) will be selected by read multiplexer 304(1). 

In general, for this example, only one bit can be selected 
per port per column. The output signal (MBLA) from read 
multiplexer 304(1) is provided to sense amplifier 110(1). In 
FIG. 3, the data path for Port A is illustrated by a bold arrow 
to show that control signal 310 is not asserted (e.g., 
DOUBLEWIDEB=0) and only data from Port Abitlines are 
routed through read multiplexer 304(1). Consequently, read 
multiplexer 304(1), with control signal 310 not asserted, 
selects one bitline from the set of eight Port Abitlines from 
bitlines 106 (labeled BLA7:0). 

Read multiplexer 304(1) does not select a bitline from 
Port B bitlines from bitlines 106 (labeled BLB3:0) when 
control signal 310 is not asserted. Therefore, in this example, 
the read operation is similar to that described for memory 
100 (e.g., a conventional dual port SRAM), although read 
multiplexer 304(1) may be larger and marginally slower due 
to the additional loading. The read operation from Port B 
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6 
through read path 302 is similar to the read operation 
described for memory 100 and, therefore, the description 
will not be repeated. 
When control signal 310 is asserted, read multiplexer 

304(1) of Port A is utilized for one or more of Port B bitlines 
from bitlines 106. For example, FIG. 4 shows memory 300, 
in accordance with an embodiment of the present invention, 
when control signal 310 is asserted. In general for this 
exemplary implementation, when control signal 310 is 
asserted, memory 300 can only operate in a pseudo dual port 
mode with Port A as the write port and Port B as the read 
port. The data path for Port B is now double the width as 
compared to a conventional memory, with two bits read 
through Port B per column (and similarly two bits may be 
written through Port A per column as described further 
herein). 

Because Port B has only one read multiplexer 304(2) and 
sense amplifier 110(2) per column, Port B utilizes read 
multiplexer 304(1) and sense amplifier 110(1) from Port A to 
provide the second of the two bits. This is possible because 
when control signal 310 is asserted (i.e., doublewide mode 
selected), Port A is used as a write port and does not utilize 
its read circuitry. 

Specifically, when control signal 310 is asserted, certain 
ones of bitlines 106 of Port B (e.g., bitlines labeled BLB3: 
O) as shown in FIG. 4) are selectable by read multiplexer 
304(1), while certain ones of bitlines 106 of Port B (e.g., 
bitlines labeled BLB.7:4) are selectable by read multiplexer 
304(2). Consequently, output signal 112(1) (DOUTAO) is 
now used as an output data bit for Port B along with output 
signal 112(2) (DOUTBIO) from Port B. 

In general, it should be noted that the column addresses 
and control signals for read multiplexer 304(1) and sense 
amplifier 110(1) are controlled by Port B column addresses 
and control signals. As an example, by utilizing the tech 
niques discussed herein, a 1024 by 16 memory array, with 16 
columns each similar to the column described for memory 
300, the data width may be doubled from 16 to 32 bits 
without increasing the size of the internal data path and pins. 

In a similar fashion, memory 300 may share write cir 
cuitry between Ports A and B. For example, FIG. 5 shows a 
block diagram illustrating a memory 500 having a write path 
502 for one column in accordance with an embodiment of 
the present invention. Memory 500 is similar to memory 
300, but illustrates write circuitry for one column of a 
memory, such as memory 300. 

Write path 502 of memory 500 includes write demulti 
plexers 504(1) and 504(2) and write logic 506(1) and 506(2), 
which receive input signals 508(1) and 508(2) for Port A and 
Port B, respectively. Additionally, as illustrated in FIG. 5, 
write logic 506(1) receives input data not only from Port A 
(input signal 508(1) labeled DINAO), but also input data 
from Port B (input signal 508(2) labeled DINBO). A 
control signal 510 (labeled DOUBLEWIDEA) determines 
whether the input data from Port A or Port B will be selected. 

If control signal 510 is not asserted (e.g., doublewide is 
disabled or DOUBLEWIDEA=0), the write operation for 
Port A is similar to the traditional dual port write operation. 
Consequently, a multiplexer 512 in write logic 506(1) does 
not select input signal 508(2) (DINBO) and, thus, input 
signal 508(1) (DINAO) can be routed onto any of the eight 
bitlines 106 of Port A (BLA7:0). As in the traditional dual 
port write operation, only one bit can be selected per port per 
column, with the write operation for Port B similar to the 
write operation described for memory 100 of FIG. 2. 

FIG. 6 shows a block diagram illustrating memory 500 
with write path 502, in accordance with an embodiment of 
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the present invention, with control signal 510 asserted (e.g., 
doublewide is enabled or DOUBLEWIDEA=1). When con 
trol signal 510 is asserted for this exemplary implementa 
tion, memory 500 can only operate in a pseudo-dual port 
mode with Port A as the write port and Port B as the read 
port. The data path for Port A is now double the width in the 
traditional case, and hence two bits are selected for Port A 
per column. 

However, Port A has only one input signal 508(1) (e.g., 
one input bit DINAO per column) and, therefore, to write 
two bits, Port A utilizes input signal 508(2) (input pin 
DINBO) from Port B. This is possible because in double 
wide mode, Port B can only be used as a read port, and 
therefore, Port B does not require its write input pins and 
signals. Input signal 508(2) (DINBOI) is routed through 
multiplexer 512 in write logic 506(1) (as illustrated in FIG. 
6 by the bold arrows) onto Port A bitlines of bitlines 106 
(e.g., Port A bitlines labeled BLA3:0), while input signal 
508(1) (DINAOI) is routed onto Port A bitlines of bitlines 
106 (e.g., Port A bitlines labeled BLA7:4). 

Therefore, as described herein, it is possible to write one 
or two bits through one port (e.g., Port A) and into the 
memory column of memory array 102. For example, for a 1 
k by 16 memory array, with 16 columns as described for 
memory 500, the data width may be doubled from 16 to 32 
bits without increasing the size of the internal data path or 
number of pins. It should also be understood for this 
exemplary implementation that because Port B may be 
performing a read operation during a write operation 
through Port A. Port B bitlines of bitlines 106 may not be 
utilized for writing data into memory array 102. 

FIGS. 7a and 7b show block diagrams illustrating exem 
plary implementations of input registers 702 and 724 and 
output registers 752 and 774 for a memory in accordance 
with an embodiment of the present invention. Input registers 
702 and 724 may represent exemplary data input registers 
for Ports A and B, respectively, of memory 500 for the data 
input for one column. 

Input register 702 (Port A) may be implemented in a 
similar fashion as a conventional data input register. How 
ever, input register 724 (Port B) would utilize additional 
(e.g., three) multiplexers 726 to accommodate the double 
wide mode. Specifically, when Port A is in doublewide mode 
(control signal 510 asserted), Port B is forced to be only a 
read port and, as a result, Port B input data bits (e.g., data bit 
labeled DIBO or corresponding input signal 508(2)) are 
unused for Port B. However, the Port B input data bits may 
be utilized as data inputs for Port A and, thus, must be 
controlled by the Port A control signals (clock enable for 
Port A(CEA) and reset for Port A(RSTA)) and clock (CLKA 
for Port A) selected by control signal 510 via multiplexers 
726. 

When the Port A is not in doublewide mode (control 
signal 510 not asserted), the Port B input data is controlled 
by its own control signals (clock enable for Port B (CEB) 
and reset for Port B (RSTB)) and clock (CLKB for Port B), 
in a similar fashion as in conventional memory (e.g., tradi 
tional dual port SRAM). Furthermore, the address and 
control signal registers for both ports may be generally 
implemented in a similar fashion as in conventional 
memory. 

Output registers 752 and 774 may represent exemplary 
data output registers for Ports B and A, respectively, of 
memory 500 for the data output for one column. Output 
register 752 (Port B) may be implemented in a similar 
fashion as a conventional data output register. However, 
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8 
output register 774 (Port A) would utilize additional (e.g., 
three) multiplexers 776 to accommodate the doublewide 
mode. 

Specifically, when Port B is in doublewide mode (control 
signal 310 asserted), Port A is forced to be only a write port 
and, as a result, Port A output data bits (e.g., data bit labeled 
DOAO or corresponding output signal 112(1)) are unused 
for Port A. However, the Port A output data bits may be 
utilized as data outputs for Port B and, thus, must be 
controlled by the Port B control signals (clock enable for 
Port B (CEB) and reset for Port B (RSTB)) and clock 
(CLKB for Port B) selected by control signal 310 via 
multiplexers 776. 
When the Port B is not in doublewide mode (control 

signal 310 not asserted), the Port A output data is controlled 
by its own control signals (clock enable for Port A (CEA) 
and reset for Port A (RSTA)) and clock (CLKA for Port A), 
in a similar fashion as in conventional memory (e.g., tradi 
tional dual port SRAM). 

FIGS. 8a and 8b show block diagrams illustrating exem 
plary implementations of read circuitry 800 and 850 for 
Ports A and B, respectively, of a memory in accordance with 
an embodiment of the present invention. For example, read 
circuitry 800 and 850 may represent exemplary circuitry and 
control signals for Ports A and B, respectively, of memory 
300 (FIG. 3). 

Specifically, read circuitry 800 illustrates control signals 
(labeled MUXSELA7:0), MUXSELB3:01, MUXCTRLA 
7:0), MUXCTRLB3:0, AMPENA, AMPENB, and 
AMPEN) for read multiplexer 304(1) and sense amplifier 
110(1). When Port B is in doublewide mode (control signal 
310 asserted), Port B utilizes read multiplexer 304(1) and 
sense amplifier 110(1) (e.g., as discussed in reference to 
FIG. 4). Therefore, the control signal MUXCTRLB3:0 for 
read multiplexer 304(1) is active and must be driven by Port 
B signals (i.e., the control signal MUXSELEB3:0) as deter 
mined by control signal 310 via a multiplexer 804. 
When doublewide mode is enabled for this exemplary 

implementation, bitlines 106 of Port A (BLAI7:0) are never 
selected and, therefore, the control signal MUXCTRLA7:0 
signals are driven low by control signal 310 via a multi 
plexer 802. In this mode, the value of the control signal 
AMPEN to sense amplifier 110(1) is determined by the 
control signal AMPENB of Port B as controlled by control 
signal 310 via a multiplexer 806. 
When Port B is not in doublewide mode (i.e., control 

signal 310 not asserted), Port A utilizes read multiplexer 
304(1) and sense amplifier 110(1) (e.g., as discussed in 
reference to FIG. 3). Therefore, the control signal MUXC 
TRLA7:0 for read multiplexer 304(1) is active and must be 
driven by Port A signals (i.e., the control signal MUXSELA 
7:0), in a similar fashion as in a conventional memory. 
When doublewide mode is not enabled for this exemplary 

implementation, bitlines 106 of Port B (e.g., BLB3:0) are 
never selected and, therefore, the control signal MUXC 
TRLB3:0 is driven low by control signal 310 via multi 
plexer 804. In this mode, the value of the control signal 
AMPEN to sense amplifier 110(1) is determined by the 
control signal AMPENA of Port A as controlled by control 
signal 310 via multiplexer 806 (e.g., with the read multi 
plexer and the sense amplifier operating in a similar fashion 
as in a conventional memory). 
Read circuitry 850 illustrates the control signals for read 

multiplexer 304(2) and sense amplifier 110(2). When Port B 
is in doublewide mode (control signal 310 asserted) for this 
exemplary implementation, only certain bitlines 106 of Port 
B (e.g., bitlines BLB.7:4) can be selected because bitlines 
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BLB3:0 of bitlines 106 of Port B are provided to read 
multiplexer 304(1) and sense amplifier 110(1) of Port A. 
Thus, only a control signal MUXCTRLB7:4 is driven by 
a control signal MUXSELEB7:4, while the control signal 
MUXCTRLB3:0) is forced low by control signal 310 via a 
multiplexer 852. 
When Port B is not in doublewide mode (control signal 

310 not asserted), any of bitlines 106 of Port B (i.e., bitlines 
BLB7:0I) may be selected. Therefore, the control signal 
MUXCTRLBI7:0 is controlled by the control signal MUX 
SELEI7:0 (i.e., MUXSELB7:4 and MUXSELB3:0), in 
a similar fashion as in a conventional memory. In all modes, 
sense amplifier 110(2) is controlled by the control signal 
AMPENB. 

In general, in accordance with an embodiment of the 
present invention, a method of doubling the width of the 
pseudo-dual port mode (or single port mode) in a config 
urable memory, without increasing the width of the internal 
data path or the number of input/output pads, is disclosed. In 
contrast to DDR-types of memories that require read/write 
of data from/to the memory on both rising and falling edges 
of the clock, one or more embodiments of the present 
invention permit a read/write of data on only one edge of the 
clock during a clock cycle while still increasing data 
throughput. Alternatively, one or more embodiments may 
also permit a read/write of data on both edges of the clock 
during the clock cycle (e.g., by incorporating DDR-type 
circuit techniques into the embodiment) to greatly increase 
(e.g., quadruple) the data throughput from/to the memory in 
a pseudo-dual port mode, with the data being transferred on 
both rising and falling clock edges. 

In accordance with one or more embodiments of the 
present invention, memory techniques are disclosed that 
may provide certain advantages over a conventional 
memory. For example, a wider memory configuration may 
be provided without increasing the width of the internal data 
path. Additionally, there may be a savings in terms of power 
(e.g., because the internal data path is not widened) and 
minimal performance impact (e.g., such as on other modes 
of the memory) relative to conventional techniques. Fur 
thermore, there may be no increase in pin requirements (e.g., 
pinout) because the pins are borrowed from the port that is 
not utilizing the pins and there may be less die area required 
because the number of read column circuits and write 
column circuits are not increased relative to conventional 
techniques. 

Embodiments described above illustrate but do not limit 
the invention. It should also be understood that numerous 
modifications and variations are possible in accordance with 
the principles of the present invention. Accordingly, the 
scope of the invention is defined only by the following 
claims. 

We claim: 
1. An integrated circuit comprising: 
a memory array having first and second ports; and 
first and second read circuits corresponding to the first and 

second ports, wherein the first read circuit is adapted to 
receive bitline signals associated with the first port and 
the second port, while the second read circuit is adapted 
to receive bitline signals associated with the second 
port, the first read circuit further adapted to receive a 
control signal, which determines if the first read circuit 
is utilized to increase an output data width from the 
memory array for the second port; 

wherein the control signal determines whether the first 
read circuit routes through at least one of the bitline 
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signals from the second port to increase the output data 
width for the second port or at least one of the bitline 
signals from the first port. 

2. The integrated circuit of claim 1, wherein the first read 
circuit is controlled by second control signals associated 
with the second port when the first read circuit routes 
through at least one of the bitline signals from the second 
port. 

3. The integrated circuit of claim 1, wherein the first and 
second read circuits each comprise: 

a read multiplexer; and 
a sense amplifier coupled to the read multiplexer and 

adapted to provide an output signal. 
4. The integrated circuit of claim 1, further comprising: 
a first and a second write circuit corresponding to the first 

and second port, wherein the first write circuit is 
adapted to receive input signals associated with the first 
port and the second port, while the second write circuit 
is adapted to receive the input signal associated with 
the second port, the first write circuit further adapted to 
receive a write control signal, which determines if the 
first write circuit is utilized to increase an input data 
width to the memory array for the first port. 

5. The integrated circuit of claim 4, wherein the write 
control signal determines whether the first write circuit 
routes through the input signal associated with the first port 
or routes through the input signals associated with the first 
port and the second port to the first port of the memory array 
to increase the input data width to the memory array. 

6. The integrated circuit of claim 4, wherein the second 
write circuit is controlled by third control signals associated 
with the first port when the first write circuit routes through 
the input signal associated with the second port. 

7. The integrated circuit of claim 4, wherein the first and 
second write circuits each comprise: 

write logic; and 
a write demultiplexer coupled to the write logic. 
8. The integrated circuit of claim 4, wherein the memory 

array comprises a plurality of Static random access memory 
cells arranged in rows and columns and adapted to provide 
a single port, a pseudo dual port, and a dual port memory 
mode. 

9. An integrated circuit comprising: 
a memory array having first and second ports; 
a first read means for receiving bitline signals on corre 

sponding first port bitlines of the first port and provid 
ing a first output signal for the first port; and 

a second read means for receiving a first control signal 
and bitline signals on the first port bitlines and the 
second port bitlines of the first port and the second port, 
respectively, and providing a second output signal 
based on bitline signals on the first port bitlines of the 
first port or on the second port bitlines of the second 
port in response to the first control signal. 

10. The integrated circuit of claim 9, further comprising: 
a first write means for receiving a first input signal and 

providing the first input signal through the first port to 
the memory array; and 

a second write means for receiving the first input signal, 
a second input signal, and a second control signal and 
providing the second input signal or the first and second 
input signal through the second port to the memory 
array in response to the second control signal. 

11. The integrated circuit of claim 10, wherein the 
memory array is adapted to provide a pseudo dual port 
mode, the memory array being further adapted to double a 
read and a write data width in the pseudo dual port mode by 



US 7,307,912 B1 
11 

asserting the second control signal to have the second write 
means provide the first and second input signal to the 
memory array through the second port and by asserting the 
first control signal to have the second read means provide the 
second output signal based on the bitline signals from the 5 
first port. 

12. The integrated circuit of claim 11, wherein the first 
read means further provides the first output signal based on 
the bitline signals from the first port when the memory array 
is in the pseudo dual port mode. 

13. The integrated circuit of claim 9, wherein the memory 
array comprises a plurality of Static random access memory 
cells arranged in rows and columns and adapted to provide 
a single port, a pseudo dual port, and a dual port memory 
mode. 

14. A method of doubling a data width of a memory 
having multiple ports each adapted to read and write data to 
the memory, the method comprising: 

designating a first port a write port and a second port a 
read port; 

receiving bitline signals from the memory via bitlines 
corresponding to the first port and the second port; and 

providing output signals based on the bitline signals 
provided by bitlines corresponding to the second port 
through the first port and the second port in response to 
a first control signal. 

15. The method of claim 14, further comprising: 
receiving input signals associated with the first port and 

the second port; and 
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writing the input signals associated with the first port and 

the second port to the memory through the first port in 
response to a second control signal. 

16. The method of claim 14, wherein the second port 
utilizes read circuitry of the first port to provide one of the 
output signals based on the bitline signals associated with 
the second port. 

17. The method of claim 14, wherein the memory is 
adapted to provide a single port, a pseudo dual port mode, 
and a dual port mode. 

18. The method of claim 14, wherein the memory com 
prises a plurality of static random access memory cells 
arranged in rows and columns. 

19. An integrated circuit comprising: 
a memory array; 

a first port adapted to read data from and write data to the 
memory array; and 

a second port adapted to read data from and write data to 
the memory array, wherein the first port is further 
adapted to write data associated with the second port 
through the first port in response to a first control 
signal, and wherein the second port is further adapted 
to utilize the first port to read data associated with the 
second port in response to a second control signal. 


